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INTRODUCTION
Illite, as a clay mineral, commonly occurs both in middle-low temperature hydrothermal alteration environment, and during burial diagenesis and lowgrade metamorphism. Formation of illite fixes K during burial diagenesisand illite crystallites retain Ar, which allows this system to act a radiometric clock. The ages derived from illite and illite/smectite (I-S) have been used to constrain the geologic timing of hydrothermal fluid migration, regional overthrusting, faulting, and oil and gas migration (Peter, 1999) .
Recently, using authigenetic clay minerals, illite, on dating recent active phases of faults are quite common. Lyons and Snellenburg (1971) were the first to determine the absolute age of last activity of the faults by using K-Ar dating techniques on the authigenic illitic fraction in fault gouges (Lyons and Snellenburg, 1971) . The reliability of the K-Ar dating of illite mineral in fault gouge has supported by the study of Bonhomme et al., (1983) for the faults in Europe. In recent years, this method has been improved by assisting from the modern techniques and many projects have been gotten successfulness such as those of Choo (2000) In Vietnam, the recorded earthquake were occurred by movement of land blocks along the active faults, especially big active fault such as the Red River Fault. In recent years, Hanoi and other cities along Red River Fault zone (RRFZ) has been witnessing the dramatically rapid mushrooming of apartment buildings. One burning issue which is interested in by many construction investors, ordinary people and scientists is the possibility of earthquake occurrence caused by this fault. Based on the successful studies on modern fault activities using the method of K-Ar dating of authigenetic illite, and with the goal of having a general view on the activities of Red River Fault and more information on earthquakes caused by this fault, the authors have conducted a study on characteristics of the authigenetic clay minerals formed by fault activities, accordingly identifying their formation periods using K-Ar dating method. Based on the recorded ages, we hope to be able to explain the active fault intervals and its relationship with earthquake activity in the surround areas.
In this paper, we are presenting the initial results about characteristics of clay minerals in gouges of the Red River fault zone, Vietnam. Several gouge samples were collected from the Red River fault zone. Then, they were separated into four grain-size fractions (<0.1, 0.1 -0.4, 0.4 -1.0, and 1-2m) using standard gravitational settling and high-speed centrifuging techniques based on a preliminary analysis. The samples after separating were characterized by using FT-IR spectroscopy, X-ray diffraction (XRD), Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX).
GEOLOGICAL SETTING OF RED RIVER FAULT
The Red River Fault Zone is a major tectonic feature separating South China from Indochina blocks. It extends over 1000 km between eastern Tibet and Tonkin Gulf. The RRFZcomprises four narrow metamorphic massifs, including the Xuelong Shan, the Diancang Shan, the Ailao Shan in China, and the Day Nui Con Voi (DNCV) in Vietnam (Leloup, 1995).
In Vietnam, the Red River Fault Zone runs through series of provinces such as Lao Cai, Yen Bai, Phu Tho, Ha Noi, and Nam Dinh provinces (Figure 1 ). The core of the RRFZ comprises the metamorphic massif of DNCVwith mylonite bands and amphibolite and marble lenses (Nam et al., 1998) . The massif is bounded by the Red River (Song Hong) and Chay River (Song Chay) faults. The DNCV is exposed from the Chinese/Vietnamese boundary at a distance of about 200 km towards the southeast. Following this direction it is progressively sub-merged and covered by Quaternary sediments of the Red River Delta. 
METHODOLOGY

Sample preparation
In this study, two fault gouge samples were collected from Red River Fault zone, one in Nam Dinh province (sample 1), and other in Yen Bai (sample 2) (Figure 1 ). The fault gouge samples were washed with deionized water to remove organic substances. For each sample, four grain-size fractions, <0.1, 0.1-0.4, 0.4-1, and 1-2 m, were separated using hydraulic elutriation, centrifuge, and supercentrifuge separators. The suspensions (<0.1μm fraction) were flocculated by adding NaCl, and the clear supernatant was poured off. All size fractions were dialyzed to remove ions from the suspensions, and were freeze-dried, and then treated with different conditions (room temperature, ethylene glycol, 350°C and 550°C) for X-ray diffraction (XRD).For the SEM observation, the fault gouge samples were placed with resin in a vacuum chamber until frothing stops and cut, polished carefully.
The FT-IR spectra for the different grain-size fractions were obtained in transmission mode on pellets containing a pressed mixture of approximately 1.5 mg of the sample and 100 mg of KBr.
Analytical methods
X-ray powder diffraction patterns of the incinerated solid wastes and synthesized minerals were measured using a Mac Science MXP-3 model powder diffractometer with Cu-Kα radiation at 40 kV and 30 mA. All samples were scanned from 2 to 70° at a goniometer rate of 2 = 2°min
The SEM-EDS experiments were performed using a low-vacuum (LV)-SEM (JSM-5610LV: JEOL Ltd., Tokyo, Japan) and an EDS system (Oxford Instruments, Abingdon, UK)operating at a 10 Pascal vacuum condition in the backscattered electron (BSE) mode with 20 kV of accelerating voltage without a sample surface coating.
The IR spectra were recorded in the range between 4000 and 400 cm -1 (PerkinElmer) with 200 scans. The mineralogical composition of (<0.1m) size fraction in the sample 1 and 2 were estimated based on the relative peak intensities (peak height/0.5 by width ratio) of the respective minerals in the XRD charts following Moslehuddin and Egashira (1996) . These ratios were obtained by measuring the heights of basal peaks characteristic of the common clay minerals. For kaolinite the 7.17 Å peak, for illite the 10.1 Å, for chlorite the 14.2 Å and for illite/smectite the 13.9 Å and 14.2 Å was used. The results show that the sample 1 comprises of about 95 % of illite/smectite, 5% kaolinite and illite; the sample 2 are about 93 % of illite/smectite, 7% of kaolinite, illite, chlorite and quartz.
RESULTS
XRD
The composition of illite/smectite clay was determined by using the method of Reynolds and Hower (1970) , measuring the (002)10/(003)17 peak position from glycolated samples. An increase in the proportion of illite layers in the illite/smectite clays causes this peak to migrate towards 5 Å. Comparing with data from Reynolds, it is seen that the sample 1 contains about 50% smectite layers and 50% illite layers. Meanwhile, the sample 2 has about 10 % smectite layers and 90% illite layers.
CONCLUSION
In conclusion, clay minerals in gouges of two outcrops along the Red River fault zone were investigated systematically. The samples were separated into four grain-size fractions (<0.1, 0.1 -0.4, 0.4 -1.0, and 1-2m) using standard gravitational settling and high-speed centrifuging techniques. All the size fractions were characterized by using FT-IR spectroscopy, X-ray diffraction (XRD), Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX). The results indicated that clay minerals in the samples are mainly mixed-layer illite/smectite, kaolinite, chlorite, illite and quartz. Significant amounts of mixed-layers illite/smectite means that they maybe were formed by activities of Red River fault. These are initially important results in defining modern active time of Red River fault zone using method of K-Ar dating for authigenetic clay minerals. Đặc tính khoáng vật sét sinh thành ở nhiệt độ thấp dọc mặt trượt của đới đứt gãy Sông Hồng, Việt Nam 
